ABSTRACT
INTRODUCTION
The main issue discussed in thisarticle is how the Merton Model approach can be used to model a new measure of company'sbankruptcy probability, which is alsoindependent from its sectors. The original Merton model consists of some simple assumptions about the financ ia l structure of a typical company. The event of default is determined by the market value of the company's assets in conjunction with the liability structure of the company (Tudela&Yo ung, 2003) . The most popular approach for estimating the default probability using market information is the Merton model. The Merton model assumes that a company has equity and certain amount of zero coupon debt that will become due at a future time. Much of the literature follows Merton (1974) by explicitly linking the risk of a company'sbankruptcy to the variability in the company's asset value and viewing the market value of company's equity as the standard call option (Hull, 2004) . The market value of company's asset with strike price equals to the promised payment of corporate debts (Wang etall, 2009 ). Merton notes that the shareholder's position can be thoughtas if the company was to buy a call option on their assets and that the price they would exercise the option with, was equal to the book value of company's debt due for payment in the defined time horizon. In this way, Merton became the first person to show that the default choice of a company could be modeled in accordance with the assumptions of Black and Scholes (1973) .
Financial ratios are significant ratios that provide an understanding of the bankruptcy situation of any company and therefore must be used in the creation of the new index. Since there are many financial ratios, factor analysis is used to eliminate some of them. Factor analysis is one of the branches of statistical science, but due to extensions in psychology, this technique is mistakenly regarded as a psychological theory. The use of factor analysis in areas other than psychology has become very popular after 1950s. These fields include various disciplines such as economics, sociology, medical, taxonomy and political science.
The second step for constructing new index is to cluster sectors with variables derived from factor analysis. The sectors between clusterscan be obtainedfrom results of cluster analysis, and this knowledge indicates that they are more volatile than the other sectors. The idea in here is to discover identical properties (if exists) of sectors which are between clusters. When one desires to construct or develop a new index, the objective should be to decrease number of input variables in order to make the new index more accurate, efficient and quick. However, in this papers' case study, correlation analysiswas employed to see the relation between the cluster variables as clustering results did not provide enough information to reduce the number of financial ratios. Interpreting financial ratios may signal different meanings for different sectors due to the levels required or identical reasons. To cope with this difficulty, this study uses fuzzy process. For this process, main input variable is Merton default probability (MPD) and the other variables are chosen by the help of factor and cluster analysis. Factor analysis was used once and cluster analysis was used twice to remove financial ratios. To explain the work step by step:
Factor Analysis, Cluster Analysis, Correlation Analysis, Cluster Analysis, Calculating MPD Values, Fuzzy Logic Process.
DATA AND METHODOLOGY
This part of the study consists of two sections, the first section describes the structure of the sample and the second section describes the construction of the brand-new fuzzy bankruptcy index.
Data
In this study, 3574 companieshave been analyzedincluding foreign and non-foreign ones, resided in the USA. These companiesbelong to 78 different sectors such as medical supplies, banking, drug, internet, railroad, energy, foreign electronics, healthcare, automobile& truck, chemical, semiconductor, etc. Table 1 illustrates the calculated and/or collected financial ratios that are most frequently used and significant in the literature for each company. usa.gov and data.worldbank.org web sites has been used gather annually observations for the period of 4 years. 
Methodology
In the first application, some basic financial ratios, as shown in Table 1 ,are calculated to find out thefinancial ratios which are appropriate for all sectors. Since there are so many financial ratios, factor analysis has been used to reduce the number of financial ratios that can explain the identical information and give approximately the same results.
This study obtained 11 financial ratios from theresults of factor analysis. Among those 11, a financial ratio which ishighly positively correlated with one financial ratiobut not positive ly correlated with the remaining ones (Appendix A) is eliminated from the model. The names and abbreviations of these variables are shown in Table 2 . For the next step,the sectors have been clustered according to the variables, which were obtained from the factor analysis.One of the most fascinating result of cluster analysis was that there are always two particular clusters (Cluster-1 and Cluster-2) appeared each year. These two clusters (sets or groups) were formed considering these ten financial ratios as the resemblance feature.
When the results of cluster analysis is examined, it is observed that some sectors arelocated in two clusters at the same time, which means that they are between clusters. In other words, it was determined that some sectors belong to different clusters with different percentages. These sectors might have highervolatilities. Participating in different clusters at the same time indicates that they are more volatile than the sectors that belong to a single cluster.Since it is desirable to create an index that can explain the possibility of bankruptcy, the volatile sectors will be extremely important data.With this information, similar and dissimilar features of these sectors can be easily found, and in relation to these dissimilar properties, variables that can explain the default probability can be captured. As the information given in Table 3 ,the percentage of drug sectorfound in Cluster-1 is 63%
and the percentage of Cluster-2is 37%. The results of the first-year analysis shows that the sectors; automobile & truck, drug, internet, medical supplies, semiconductor, tobacco, and petroleum have the highest probability of bankruptcy among all sectors in the sample. The fact that any sector does not belong to only one cluster indicates that the sector is too volatile which means that the sector is likely to sink. Realize that, they have different percentages. For example, it can be said that the tobacco sector is more volatile than the semiconductor sector (0.87> 0.5).Since the tobacco sector is among the clusters with 0.5 percentage; this sector equally belongs to Cluster-1 and Cluster-2. However, semiconductor companies belong to Cluster-1 with 0.87 percentage which is greater than 0.5.It can be assumed that the semiconductor companies are almost certainly belongs to Cluster-1. From these results, if the sectors tobacco and medical suppliesare compared in terms of risk; the tobacco sector is riskier than the sector medical supplies. As the percentage of belonging to a cluster increases, the variability decreases. From this sentence, you can think that these variables are negative ly correlated. But it is not true because variability is related to the fact that the percentage of belonging to a cluster is close to 0,5. Table 4 illustrates the results of the same type of cluster analysis for the second year only.
In addition, the tables that illustrates the results of cluster analysis do not provide informa tio n on Cluster-1 since the non-Cluster-2 sectors belong to Cluster-1.As the information given in Table 4 ,the percentage of internetsectorfound in Cluster-1 is 82% and the percentage of Cluster-2 is 18%. From the second-year cluster analysis results, only the tobacco companies now belong to only Cluster-2 that means belong to Cluster-2 with 100%.Since in the first-year, the tobacco sector was between clusters with 50%, it can be said that tobacco companies have stabilized according to the clustering variables. Also, some sectors start to be between clusters and some sectors start to be in Cluster-2 only. In other words, new sectors included to Cluster-1 and difference between being one cluster with 50% and 90% is very important.Thus, the issue that a sector belonging to a cluster with 50% is more volatile than a sector belonging a cluster with 90%, is one of the most striking findings of this study. As can be seenfrom Table 4 ,that the drug, telecom services and telecom equipment sectors are more volatile than the internet, medical supplies and precious metals sectors.
Surprisingly, the precious metals and automobile& truck sectors have same percentages in different clusters. In cluster analysis, it was not possible to say that one cluster is better than the other one. And, this result can be considered as the proof of thembeingin the same position and in the same risk group. In addition, the chemical and oilfield services & equipment's sectors start to belong Cluster 2 with 100%. From the third-yearcluster analysis results; the sectors drug, semiconductor, internet and automobile& truck are still between clusters with different percentages. Now, petroleum is the only sector that belongs to Cluster-2 with 100% and now the tobacco sector belongs to Cluster-1 with 100%.
If we consider the three-year analysis for the tobacco sector only; the first year it was between clusters, the second year it belongs to Cluster-2 with 100% and the third year it belongs to Cluster-1 with 100%. Table 6 illustrates the results of fourth-year cluster analysis. As the information given in Table 6 ,the percentage of chemicalsectorfound in Cluster-1 is 67% and the percentage of Cluster-2 is 33%.When the analysis of the fourth year is examined, it is observed that there are more members of Cluster-2. For instance; the sectors entertainme nt, hotel & gaming and railroad are now the sectors which are belong to Cluster-2. From Table 6 , it appears that the most volatile sectors are food processing, metals & mining. Telecom equipment and automobile& truck sectors can be seen as also volatile sectors than the others but not as high as food processing and metal & mining sectors.
In addition, the semiconductor and drug sectors belong to Cluster-1 with 90%in the fourthyear cluster analysis results. These sectors practically belong to Cluster-1. From Table 6 ,the sectors chemical and e-commerce are between clusters with same percentage, which means that they have same type of risk. Medical supplies and aerospace / defense industry sectors are among the clusters and the percentages of being in the clusters are the same. The cluster analysis shows that food processing, medical supplies, telecom equipment and telecom services are sectors between clusters for three times for different time-periods. Since four-year analysisis examined, they are between clusters with probability 0.75.
In addition; the sectors metals&mining, petroleum and precious metals are the sectors between clusters for two times for different time-periods. In other words, they are between clusters with probability 0,5. The sectors such as tobacco, entertainment, chemical, e-commerce and aerospace/defense are the sectors between clusters for only one year, that means they are between clusters with probability 0.25. The other sectors that are not mentioned in Table 7 are the sectors belongs to Cluster-1 or Cluster-2 with 100%.
The sectors between clusters are important sectors and data for us to determine our bankruptcy index. To do this, one have to find similar and identical properties of these sectorsaccording to the clustering variables. For these sectors, basic statistical information is used, in other words the mean and standard deviation of the clustering variables are calculated. The average of SP and TV of these sectors are smaller than the average of all sectors. In addition, the average of TD and EBIT are also smaller for the sectors drug semiconductor and internet. Only for the automobile& truck sector, the average of TD and EBIT are higher than the sector averages. For this reason, it is not possible to generalize that the sectors in the both clusters (i.e. between clusters) have lower TD and EBIT values.
After that, the correlation matrix of the clustering variables and results are shown in Table9 and the bold ones are positively correlated ones. Since the correlation matrix is symmetric, the other values are not included. We again cluster the sectors for each year with respect to these new variables (EG, TV, BVL, CF and PTOM) and find out that there are no sectors between clusters. In other words, the sectors are between clustersdue to other clustering variables (EBIT, TD, SP, TS and NSh).
From the second cluster analysis result gives us an information that these financial ratios (ratios make the analysis between clusters) measure the volatility. In other words, these financial ratios are better observers of volatility than other financial ratios. Since EBIT and TD has highest correlation, TD was also eliminated from the fuzzy process.
To summarize, there are four variables for constructing a new index through factor analysis and clustering analysis. For the last important variable, the MPD of all sectors must be calculated. Next section explains how the MPD values of any company and MPD values of each sector canbe calculated.
Merton Probability of Default Model
The probability of default can be measured with a model that uses company's financ ia l information to obtain an indication of how likely the firm is to enter distress in the near future (Saretto, 2004) . This financial information, in the Merton Model, consists of several variables.
The volatility of the assets, the risk-free rate, debt of the company and the timing of the action are the input variables of the Merton Model.The volatility of the assets has been determined by analyzing the stock data return of the last three years.To measure the risk-free rate, a one-year constant maturity rate was analyzed.As trying to provide a based model, the time period is taken as one year and the balance sheets of the companies are used to figure the model.
With the parameters mentioned above, one could say that related with the Merton Model, there are2 equations with 2 unknown parameters which are current value of the assets and volatility of the assets. As soon as possible we discover the un-known parameters, we could easily calculate the MPD of each company. The connection between the asset volatility and equity volatilitydefined by Ito's Lemma. Black-Scholes is used to value the firm's equity as a function of its asset value and its assets volatility. To find these unknown parameters, we need to find values for them that would satisfy both equations. By the solution of these equations; MPD values of each company for each year are calculated.Sector MPD values are calculated by taking the average of MPD values of all companies in each sector.
As mentioned before, sectors which are between clusters are more volatile than the sectors which belong to only one cluster. However, when we calculate the MPD values of these sectors, for each year none of them have higher probability than 0.5. Onlythe tobacco sector has probability 0.5 at the first year. This also indicates the necessity of building a default bankruptcy probability index. Table 10 illustrates MPD values of the sectors, which are between clusters. Table 10 , one can easily observe that in the first year the tobacco sector has a greater MPD value (0.5) than the other sectors and this sector is also between clusters in the same year.
This sector is the riskiest sector than the other sectors in the first year.Also in this year, the second risky sector is the internet. In addition, in the second year the medical supplies sector has a greater MPD value (0.04) than the other sectors and again this sector is between clusters.
From the third and last year analysis results, the sector metals & mining and internet have greater MPD values than the other sectors and they are also between clusters at these years.
Also from 
Fuzzy Model for Bankruptcy Probability
In this section of the study, firstly, emergence of fuzzy logic and its application areas are explained, then explain why and how we make use of the fuzzy logic and how we construct the model to create the new index.
The "Fuzzy Sets" discovered by Lotfi A. Zadeh at 1965 in his well-known paper called Information and Control. As Mr. Zadeh is a prestigious scholar working on control-theory, the first steps of fuzzy logic are represented by himself.The concept of 'state' which designed by Zadeh figure out the basis of the modern control theory.In the early 60's, he thought that classical control theory had put too much emphasis on precision therefore could not handle the complex systems. In the beginning of 1962, he studies to handle biological systems "we need a radically different kind of mathematics, the mathematics of fuzzy or cloudy quantities which are not describable in terms of probability distribution (Zadeh, 1962) . At the end of these The economics and finance areas are one of the areas that fuzzy logic can be applied. There are also many optional subjects which are suitable for fuzzy logic process; such as modeling complex sales and trading systems, cost benefit analysis, investment appraisal and portfolio analysis. Also, in banking system fuzzy logic approach is used for the assessment of credit demand or rating credits. Fuzzy systems are used mostly for estimating, decision-making and mechanical control systems.
In daily facts, we are using fuzzy logic for comparative concepts that can be changed related with the persons, cultures, time and with similar concepts. As an example, a person could feel cold in a place when the other one sitting nearby him could feel the opposite. Another example from finance, the percentage of the increase of one stock is makes much more profit than another one with the same increase percentage.
In our fuzzy model, 5 fuzzy variables are defined as inputs and for each input,5 membership functions that 2of them are trapezoids and 3 of them are triangles. Withthe need ofto find the border points of each membership function,first we calculate the basic statistics such as mean, maximum, minimum and standard deviation of each input. In the light of these data and expert opinion, we decide the borders of each membership function as seen in Table 13, Table 14 and   Table 15 . Table 14 shows the borders of triangular membership functions and Table 15 shows the borders of trapezoid membership functions of the input variables of the fuzzy process. In our fuzzy logic process, we use and/or method with taking minimum/maximum values of variables. For the implication process, we use minimum and for the aggregation process, we use maximum method. As we explained before, for the defuzzification, we use centroid method .
The membership functions are defined as "Poor", "Fair", "Good", "Very Good", and "Excellent". In this study, for the membership functions we decided to use piecewise linear functions such as triangular and trapezoidal. The triangular membership functions are "Fair", "Good", "Very Good". "Poor" and "Excellent" has the shape of trapezoidal because of their over situation.
To sum up; 5 input variables and one output variable, which we defined as fuzzy bankruptcy index and denoted FBI, which was produced from these 5 variables. One of the input variables is the default probability that we calculated from the Merton Model, which is denoted by MPD.
The other input variables are the variables from the results of factor and cluster analysis (SP, NSh, EBIT and TS).
For the next step of modeling, the rules of fuzzy process need to define. Using Graph 3, the relation of MPD and SP can be easily seen with the value of output. So, after investigating the graph, you can change up your mind and decide to use another indicat or the best fits the output and Table 16 illustrates the FBI and MPD values of randomly selected sectors. To sum up the steps of fuzzy process are:define the data, define the borders of the membership functions, define the model that develop the output, define the rules, fuzzifica tio n process, defuzzification process and constructing the output FBI.
CONCLUSION
In this study by the help of fuzzy process and Merton Model, a new default parameter named fuzzy-bankruptcy index, which is denoted by FBI, is constructed. The main aim is also to find an index, which is nearly acute to all securities. To do this, our veri consists of 78 differe nt sectors stated in USA. MPD values of these companies were calculated and by the help of these values, the MPD values of any sector by taking the average MPD values of the companies that belong to this specific sectorwere also calculated. To determine other input variables of our fuzzy logic model, factor analysis and cluster analysis are employed. First,factor analysis is used to reduce the number of financial ratios andin the analysis, elevenfactors were found with the identical information. One particular financial ratio from the result of factor analysis that have positively correlated to one of the others and weak correlation with the restwas also eliminated from the index.
Since we decided to use fuzzy process, we know that must define membership functions for each variable. The minimum number of membership functions which is suitable to our study can be 3, such as fair, good and very good. However, we want to measure the sensitivity also, because of this, we define 5 membership functions such as poor, fair, good, very good and excellent. The problem starts at here. For the fuzzy process,10 input variables with 5 membership functions are too many to be significant. In this model, defining too many Figure 5 illustrates the main steps of the study.
Figure 5: Main Steps of Study
Volatile sectors by the support of cluster analysis working like an exploratory data analysis tool for organizing observed data into meaningful groups. In this study, our first aim is to analyze the sectors which are between clusters. The companies between clusters means that they are the companies which are not stable or companies with higher bankruptcy probabilities.
We try to find identical properties of these sectors as soon as we selected sectors between clusters. Searching for the similarities of the financial ratios of companies which are between clusters, we examine that they are the properties which makes companies between clusters. In addition, the correlation coefficients of the financia l ratios which we found from factor analysis was also examined. With these information, we try to find specific financial ratios that only measures the volatility concept.
In the light of correlation analysis, we eliminate some financial ratios and cluster sectors again with these variables and find again two clusters. However, now the sectors belong to only one cluster. Thus, there were financial ratios that can measure bankruptcy sensitivity. The financial ratios which does not make sectors belong to only one cluster are the financial ratios we are looking for. Since two of them have a high correlation coefficient, one of them is not included to the analysis. To check the effectiveness of our index, we compare the values of MPD and the new index FBI, and figure out that their correlation is positive. This means that these variables are acting on same direction which indicates that they both increase or decrease at the same time. Notice that we construct FBI because MPD takes values so close to 0 or takes to values so near to each other, which we cannot easily make estimation with this knowledge or we cannot see the distinguishes of default probabilities between years. Our results show that FBI is much mor e sensitive than the MPD. Since the main objective of this study is to improve the probability of bankruptcy of the Merton model and to complete the deficiencies, the new index is compared only with MPD values. Sensitivity and minor differences can be observed with the new variable, and major changes that should not have been observed have been removed.In other words, since
the MPD values are input variables of FBI, we can not conclude a result that FBI calculation is easier than MPD.With the help of fuzzy process and the sector-independent financial ratios resulting from cluster and factor analysis an index was created which is more sensitive and does not show major decision differences in the short term.
